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(54) GAIN CONTROLLER AND GAIN CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To turn the temperature 
dependency of gain control characteristics in a gain 
controller to almost zero. 

SOLUTION: This gain controller is provided with a 
variable gain device 1 for varying gain by a gain 
control voltage VcdO supplied to gain control 
terminals Vc and Vex and a gain control voltage 
application device 2 for supplying the gain control 
voltage to the control gain terminal of the variable 
gain device. The gain control voltage VcdO is provided 
with a temperature coefficient equivalent to a thermal 
voltage. In such a manner the temperature 
dependency of the gain is turned to almost zero. 
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(57) [ig&t] 




mmmmoi. msma^^mfmmmizmm^n 
s>mimmws.KMLx, m^izmii>yi-yt^:/ 

mimmn(D^mmmmzi3\>^x, ms^imi^m 

m^m4 ] ^mmmmizm i^^xmm^-^t^m 

mmz^^^x. mmm<D^miifmtoy^^^z. ^ 
m(Dmnm99&t.m^iz^j::s>:i-y^v hmBt^ta 
xr:^m&izmmmtm^<'>mm.m&mt:^'^x^x&z 

5 ] mmimmw£^7''f v^/im^izj: 



[«*3g7] m^is 2^r=.ii.5tzmism>imm 
mm<Dmm^j^m] *4o 

AI l=Vid/ (2VT/I l+REl) 
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* [0 0 0 1] 

i/:^'rh.(f>x^msizm^ximmmmmsitmn 
mm'pm^mizmb. 

[0002] 

m^^ifoytzmz^mmmmti^m^ > ^nx v 
10 [0003] msizi-L mm^m^m^Mizm^^n 

dttS9>S?:^tJrioi, iii®«-^-:;^ (Vinjg?) t 
h^yp7s^l02. 112®#K-;^ (VinxSB?-) t(D 
ratCAi/S^X-So h^yt^7.^lOU 102CD#x5»i';if 

^"V^tdu ^193S::n-UTg5l^3*U ®!{E£(191, 192 

5 5/ iJf h V > j;^';^ tjfioi ® 3 1/ tc^$ tiT 

20 y. h5>2;^::^*105, 106CD#x«^y;Jf{il02CD3Ui? 
^ICgSKStU h9>J^:X*113, 114®#X^«;^flih 
^>i;::^4flll®nlxir^{Cgs|^$tU h5>j;>(.^5fll 

5, 116©#X $ .)/ f l4112<Dn bi? iC^^tlT I ^ 

*M®H^J«EVcdtth^>i;>?.^i03, 10 

6, 114, 115©#/<->^ (VoSg?) jmh^>i?y.^l 

04, 105, 113, ii6(D=SX-::^ (Vcxi&T-) i:®r4Ilc 
A:t;S*vTv^S. S&fC l>5>i;>^^5Ji03, ii3©#n 
l/^^^f (VoutxSg?-) ld^fil7l?::n-bTm2Rlc^ 
h9>'S?:^4ri06, ii6®#nl/i^^r (Vout 

30 asB^) limcm^^Lxwrnz^i^tix^^^. 

>S?;^^104, 105, 114, 1150#nl/ir^f««gg{C^ 
StlTfcU, Nv>2>':x.^H13, 1160!)#^^ir^Jt|g;!,^eJ 

[0 0 0 4] m8izmLrzm^<Dmi¥^^ir 
AiJSEV i d*^^e>*U h^>'i:;'>?.^101(!p3 
i^i'^fmiJS^^+Ai ii:^y, h5>2^>(.^i02CD3b 
^tJf«sfc{>«-Ai ii:«;si:fs. Aiiti, 

^83<Z^|i«: R E 1 il, 1 ) xm^tl 



VT=kT/q 

SX$>^o 

[0 0 0 5] A 1 1 ii^mmm^v c d mcx, h* 

Alia =MA 11/(1 +M) 
ZZ.X% Mit (^4) T'^StlS. 

M=exp (Vcd/VT) 
[000 6] |^{CbT, h^>S?X4tl06CD3l/4r4r 50 



(^1) 



(^2) 

★^>i;;^.^fl03*^e)l06{CJ:oTmiSf«l^tI$tl■5.o h9> 
2;:^^tl03®ai/i'iJfmijK*Al l aft^t. All 
a 14 (=S3) -e^StlS. 

(=^3) 



(^4) 

I 1 hft^ts AI 1 btt (^55) xm^tl 




(3) 
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AI 1 b=-AI 1 a 
[0 0 0 7] l^tCbT, AASEEVi d*t^;t6tk 

AI 2=Vi d/ (2VT/I 2 + RE2) 



(^5) 



(^6) 



JSJh^>S;;^3ill3A>e)116fCj;oTmgS^)-S!l$tl5o h5 
>S;:^:Jtll3®3Uir^ffijgS:AI2ai:-r5i:, A I 
2 a« (3*7) TiSStlS. 

(=S;7) 



(^8) 
(^9) T'^atiS. 



r^r, 1 2{j:asiEaii9i, i92®#«sgffiT'fe»j, vt 

[0 0 0 8] AI2{i, 5ffMi!liimEVcd{CJS:tT, 58 

AI 2 a=AI 2/ (1+M) 
[0 0 0 9] H^ICL/T, V'yyV7.9m(Dn\yi;9 
«i5SS:AI 2bi:-rSi:, AI2btt (^8) T^Stl* 

AI2b=-AI2a 

[0010] &,±in&v o d t±, ^71, moi^mSfi-k -km^ R l ii-rs i:, 

Vod = RL { (AI 1 a+AI 2 a) - (AI 1 b+AI 2 b) } 

(^9) 

[0 0 11] (=S:9) (^3) , (5*;5) . (^7) ♦tis. 
(^8) Srft^LTSESI-St, (iCl 0) imh^ 

Vod = 2RL (MAI 1+AI 2) / (1+M) 

[0 0 12] (s:i 0) ic (-Sii) , (^6) $:ft\L 20* 1 1) *we.ti«>. 

T3@ffl|-rS2:, ^O^G (=Vo.d/Vid) ^^^T (^C* 

G=RL (M- gml + gm2) / (1+M) 
fcfe'U gml. gm2tt-e4l-rtl (^1 2) , (^IJK S53) 

gml = l/ (VT/I 1+RE 1/2) 

gm2=l/ (VT/I 2 + RE2/2) 
[0 0 13] Mli, (^^4) {C:gt-rj:e){C *lJi^f(R^« 
ffiV c d CD^S:-g■^T'fe U , fU^#G SrfUf^jjSSEEV c 

[0014]^, gmi»gm2i:-rs. z.a>li^^kk 

Gma x = RL • gml 
[0 0 15] m^\Z. ®/Jvy-f>Gmi nli, Vcd< 

<oc^#^T'$.y, (^4) *>6,Mt±^icjK^A 

Gmi n = RL • gm2 
[0 0 1 6] *rJf#®B^AG{d; GmaxiiGmi ni:^ ♦©JtTJ^Stu 

AG = Gmax/Gmi n = gml/gm2 
[00 1 7] SI 1{CI l = lmA, 12 = 0. Im 
A, RE1 = 100Q, RE2 = lkQ, RL=500 

[0 0 18] 

imti^m&kL^^ tir^Wm tzai)\ (iC 1 1 ) 40 
^gml (gm2) $:-^^T'V^S. $e>lC, 08®h^ 

(^ 1 1 ) ODR L %;SM{cft 

[0019] z*ifiiammiz^-t^^<D'^ (ii: 

12), (^1 3) T?-§^;te>4x5gml, gm2tCot\* 

G0 = RL (gml + gm2) /2 
(j^l 7) {igml»gm2i:^Si:, (^18)a>JS 5K-J:e)tCi£{H-C$S. 

GO = RL • gml/2=Gmax/2 (iCl 8) 



(^1 0) 



(5«1 1) 

(s:i 2) 

(5S;l 3) 

★lAC'y-Y^Gmaxti, V c d»0(Z)#^-Z?*)t), Z<D 
(^4) A^MiMfc^lCiR^U (S;i 1) *> 
e>, Gmaxtt (5*14) 



y^u (S:i 2) A^e,, 



(^14) 
Gmi nit (5*1 5) iiftS, 



(^1 5) 
(^16) ODJ:e»(C«:S. 
(^1 6) 

*T{i, ^»81, 182, 191&m92®^ggM&VT/R 
Jtff!llCfe«J:e)lC|2S-rSi4lT*, gml, gm20!)M 

^■rS Z t\-mMX'^?>tcl!b. (^ 1 1 ) CD R L ®M 

s^iitT*.mL^e)<j:e){cis:STSs, ^lt, (ic 

4) T«^^6>tl-5Mlj:, Vc d = 0Oi:S(CRBU, SfC 
M=li:«;»J, mKl|^&**fc«:V^ife:«), Vcd = 0® 
^my, ?>Jf#GiiiaS{c^Sc#L«;v>T?-;£i:«;S0i 

[0 0 2 0] Vcd = 0 (M=l) (Dt^<D¥-^>CO 

ji, (5* 11) (^1 7) T-#^e>*i5. 

(5*1 7) 



(4) 
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[0 0 2 1] f^&t)*.. GOtig:^>y^>Gmax*>e> 

[0 0 2 2] CDMA (Code Division Mult 

Iple Access) tCf^StlSi:-2»«^^:3^{Cd6fflStl 

ea^^m:»8 o~g 0 d B(mimimm^nt>. nt^* 

GT=G1 • G2 • G3 • G4 • 



6 



[0 0 2 3] 3(Z)##®i|i^Jf#GT{i (iCl 9) XM 
G5 (^19) 



Gn (nltlti*^5(0m0 (^1 1) *>J810J«P,. (5^2 0) T-^^tlS, 

Gn = RL (Mn • gmH-gm2) / (1+Mn) (iCEO) 
fc^U Mn (nttl*^e)5®^ (5S:2 1) X^A 
Mn = exp { (Vcd+Vo f 



[0 0 24] gl8{C^Lfc«II»!j^S{CfeV>T, iaSf& 
^i&Il = lmA, 12 = 0. 1mA, RE 1 = 10 
OQ, RE2=lkQ, RL=5 0 0fii:Ufc%)ODS:5 
Bm^^U #acD*7-fey hSBEVo f f nS: 

{0. IX (n-3) ) V (nltli!)^fi>5(DmS0 

rzm^(Dm.x<miimmmmi 31ZBU mm 

tt$:014»C3o^t-. 20 

[0 0 2 5] L*^L/^*^e>, ®i4{cs^-rj;e>{c, sag 
8-4 6463 ^^Amxix ^mmm&y c d izm. 

S:, fc^y-f >Gm a x/j^b**; 6 d B<£TL/fc.#,-eti;& 
(±y'Si-d'^y) izi/yh-t&ztK^iJ. HS^-fy 

x<^mi!m.<7)miitm'^yx(mmm.oymbt^ ao 
m~iz-t&z.tx\ mmm<Dm}%:imvx\^s>. u 

[0 0 2 6] :^msit. Lmm^mct^^oix 

[0 0 2 7] 40 
[|!|?SS:«?SifSfe«)®^©] -iZX'. :mmxit. bT 

^J^^g(^)^^J^#w(fI4®^asfe#tt*^, (^4) 

SEEVcd®iaS4^l:VTJt0!(tc, fip^, f(m&<m 

mmc^^^^iz. mrti>:it.x\ ^ims9m<Dm 

[0 0 2 8] MJ:©{c«!§^^$nfe-5ja5frjf^ 

g{c:t7-fe«/ hn&i:m^r=^immm&^^A.x. m 
xit. z<D$immm(mmm&fi. (^21) jc 50 



fn)/VT} (^52 1) 

^ifs>Mn(Dmm^mz-^^ti:£,zti!)^p^, ^mm 

mnS.Y c d t.:tyt V h«ffi V o f f n S:*DAfc€ 
(V c d + V o f f n) ©Sffiil^S: VTitMfCig 

«t5z:i:T% i^mwm^<mm.m^^m'ss^\zh 

[0 0 2 9] 

[I8WO^®0®] *58WCD»:^t®i{c|3ScD^ 

\t. ^}mmmz^^p,t\^fimmimmzj:*mm 



[0 0 3 0] «^S2{CiB«CD?§^li, *a#f!IWSS^ic 

mmv^mzmi^ix^mmmmmzMhx. k 

titc^immmLiri^tii^iz. ^m<mmmm^^ 
mf!^iz^^zt.ifi'Vft^. 

[0 0 3 1] fflf:^3{CfB«(D^^{i, ftW»mE{C 

tt^x^&, 

[0 0 3 2] m^m4 izmmffmmit. ^mmmmmiz 
^i^xmi:-smt^mk0»mfm^^mm^L 
r=.vmm^m0$mm:mizj3\>^x. m^<D^mii 
mmmoy^^iz. pm<miimm^iis.^^zmfji?>yi' 
y±^y hms.tiria^rdm&izfm&t.mm>^m& 
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* mmmm-v c , v c x {cj*. nfmmmmmm 
^immmmv c d a^^mi^nrcimimmw&v c 

J 0 0 4 0 ] ^mmmmimu 2 ©miii&M?:® 2 iz 

TTf-r. *'J^S!l^«EVcdlCj:yi!B^$;h,S«±$!R^S 

lcg^SnTV>S. *^>h5^-llI!SSll®SlODffi:<7 

^-|EI8Sl20ffi;^^&?•OUTi:^6i:^Cgg^$tlT^^ 
S. :^U>h^^-llffi&il®S20ffi:)!:ri&7-OUT2 
f(B§«!BNlSEEV c d {C<k »Jf63»$tiSSEEWajt 

[0 0 4 1] ^^tfc H2^C3sLfeIiIB&®I&f^{co^^■cii 

*S4xSi:, (Vcdmax-Vcd) (OmSMlzHm 
L (VcdmaxttVcd®^^ , *^ol/RitM 

(Vcdmax-Vcd) M^|^Srt,o^{c# 

©SggffilRJi, ^®?gS^$:+a (a>0) ft 

TttS>il. (iS:2 2) 



[0033] 5 {CfB^0|§raii, Ittciit 

[0034] 6 {Cia®©^{i. ^:^3 * fett 

[0 0 3 5] »*;^7{CiB^©^^{i, m^i, 2t 

[0 0 3 6] n^sizmmcomix »^i, 2* 
fcii 5 K$smffy$mmmii:m^mzwrz^r:^^ 

[0 0 3 7] »*59{CfBig®f§^l±> m^7CD#|=^ 

[0 0 3 8] ji^T, *isw®iyg<z)?^)®icc»v>T. mm 

[0 0 3 9] (Hi ©116©^^ 

izm^mmm^B.^m 1 ics^t- , ^j^msh 1 ® * 

IR= (Vcdmax-Vcd) / {RA (l + aAT) } (^?;2 2) 

[0 0 4 2] ^miii, imv (V c d m a x/R 5K-sijEBa4«)mffl I VT Ridu mw&(mmmi^+ e 

A) (Dmmi:Wt>. VT/RSme>nmmi3 30 (P>0 ;m+3 3 OOppm) tt^t (^2 3) 

■:mmtmim?>mmiz^vm§,izn?>zti)^x^i>. m 

IVTR= {Vcdmax (1+/SAT) ) / {RA (1+aAT) } 

(^2 3) 

imn?>, j:oT, m2<DA,^^^miiii-r^iou 

TA<0^mii. (IVTR-IR) i^fjH)^ (^2 
2) , (5*2 3) (^2 4) T?^StlS. 



20 



[004 3] i3iyyhs.^-wmn<D^Jjm-imzm 



IOUTA= (Vcd+Vcdmax 



/SAT) / {RA (1 + aAT) ) 
(^2 4) 

^d) i:mmim^mztj:\>\miz^x&:it.X'^izm 

tm^RAt.t?>t, 5) xm^tiz. 



[0 0 4 4] ^fmmmisits mmmm-v c d 

t)^^J:•^tlS>t> (Vcdmax-Vcd) ©WBE'litC 

amu mmizei^Lf£\,\mjj^miJt^o z<d 

J:e»^4fl4S:i#om±{dU «Et (Vcdmax-Vc 

I 0= (Vcdmax-Vcd) /RA (^25) 

[0045] :tJly>h^^-mmll(D^J3m■lN^zm mn(Dm(DHii7m<yuT2t)->>6itmmiR<Dm. 
ti^wmtm2oym:hm-ouT2iz^ti?>mt(Dit mti^, j:ot, m2<DB^^mimtmtiou 

IOUTB= { (Vcdmax-Vcd) a AT/ {RA (1+aAT) ) ' 



• 
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(^2 6) 

*9^'^mi?>(DX\ ffl:^^s^ouT;b^^?s&n^l^-rm^iI 

OVTC0^mt. (/3/a) lOUTBt^v;, 
(^2 7) T-aStlS. 



[0 0 4 6] ^mmim:^ lyyh^ ^-\mi2(DA 

> 9-IlIBSl2®A*iS^I NtC^iSfitl OUTB©* 

IOUTC= { (Vcdmax-Vcd) |8AT/ {RA (1 + aAT) ) 

(^2 7) 

[004 7] J:oT, S*tl6lcmtlffi1^I OUT® ^4) , (^2 7) i)^^ (^^2 8) T'^^ttS. 
Wrnit, (lOUTA-IOUTC) tf£V. (^2JK 

IOUT= {Vcd (1+/8AT) ) / {RA (1 + aAT) ) 

(^2 8) 

[004 8] S8glOUT*^G6{c8iaxS:iii{cj:o 

m^+oc (a>o) , ^■vamm^RAtt^t. ★ 

VcdO=Vcd (1+/3AT) 
J:oT, I^MfUWmEEV c d 0 S:VTJfc0iJlCi8^-t^ 

[0049] ^<D^ (^4 ) (DMommmmHSi 

S«I^IJf^gl®f(J#f!B^tt®MS«c#'i4;t)^«t^ 20 

[0 0 5 0] BMJ^^{S1 (EfSiira-) ODEffiS^ 
5:11 = 1mA, 12 = 0. 1mA, RE 1 = 1 00 
Q, RE2 = lkQ, RL=500Qi:U I^MW 

mEEv c d 0 ii^^rcm^ff^mmm^ma iz^b 
[0051] fj:^ zz.ximifi(Dmmmac iijEom 

tLXtmi^fcitl^. aimoM^tb^X^. I OUT© 

SSKfflWjUlOUTA+IOUTC) i:^SJ:e)lCIiBi& 30 

^m^-tiwt (* i/> h ^ ^-laii&s: 1 -Dmmt^i^n 
T'^T'&s) , l^J^9w«l^vcdos:VTiii^f!l^c 

[0 0 5 2] ®2©ff{ff0Jt^«Btm&taM2:^ 

ii»(Dmii^m\<^xm.^-^^:ik.\ztA^, 3©i:#, 

zfcafmEWisimsfsiM^ss^i vTRS:^#5fc«?)©^ 
tt±i o%mg©A5^:/:^A^&s*^, 9\-m<m. 
inm\ ^mm^pimmmmiz-m^tiii. $mmm 40 

[0 0 5 3] (ii2®^j^^) :^nm<m2<;)mm 

lof fn= {Vof f n (l+iSAT) ) / {RA (1+aAT) } 

(^3 0) 

[0 0 5 7] mn2l^^i35lzmn?>Wmi c n (ntt (^2 8) , (^3 9) ICJ:»; (S;3 1) Tf^Sti 

l~5®^e!C) (4, (lOUT+Iof fn) 5„ 

Icn= { (Vcd+Vof f n) • (l+jSAT)) 

/ {RA (1+aAT) } 



★^16©^fflttRA (1 + aAT) T*^$*lSfetf), 

(^2 9) -e^stis. 

(^2 9) 

hmsmmW:4: tlZJ:^Xyfy±y h^^m 
^i^mn&V c t n (ntt 1 5 (D^O iJ'^^^'otl 
TV^S. Z1®V c t nli, fUWWSffiV c d i:, #a 
©«r^.B^SlC.#:^e>*lS:t7-fe«y hmEEVo f f n 

© Rll^J^fi 1 14ia 8 © BJIBpJj^gi: 1^-© t,©-t' 
[0 0 5 4] ?U»iH»SEEPR6l^3t*7-fe'y hmEE 

mmm4.t^tiiii>rcmmmm4iznk-t, i^imm 
«ffiv c d iz^ v^m^ti^nmm^m2it^^25 

It. *ti-etu :r:7-fe>i;hmEi8SMmS^*^e)30^ 
lJ^*^31*^e,35^Cg5^tT^^S. 03tCfeltS:*-7lr'> 
hg5^I^Jf#»mEEV c t nl4. ^fi31*^e»35lC^ 

[0 0 5 5] ^{C, S4{C:g^LfcIiIS!&©!l&f^lCOV^TSi 
re-rs. f«M«5fflimEEVcd{CJ:tJi!PS^ismflE«!K^ 
«8Kl:;6'e>25©^l{g||IOUT{ju @2©^J^tmS 
ffiffiftl^S© I O U T i:^ L < J; e> {c|8St- 'S. 

[0 0 5 6] :tykv hWSm&^mM^i)^^30<D^ 
«SS«iIof f n (nttl~5fl^K) (du (V 
off n/RA) a>mm^1^*>. VT/RJfcWI 
©m?!fS$:ffi*t-5. 3®i'^»J5:#f4§:itoSggli, mm 

Ztti^xm>, yi-y±v haEl^^m8^26*^e)30© 

o f f nt*. (^2 3) tmmzLx. (^ 
3 0) -essstis. 
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(^3 1) 

10 0 5 8] mggi c ni)mn21ii^^35lzmi^ZtlZ *X'(Dmm^RAtt^t, ^lJb^P>35C!)^MttR 
J:oT^e,4xS;4-7-fe^; hg§^^Jf§S!|P«EEV c t A ( 1 + a AT) T'*StlSfe«?)> (iC3 2) T'^^#l 
nt*. ^l*^?,35®^aS^^&+a (a>0) , jgja* S. 

Vctn= (Vcd+Vof fn) • (1+^AT) (SC32) 

hWrnVoffntm^fzW^ (Vcd+Vof f 53, &Ot«SSS54S::^LT^$tlTVxS. h5>i;x 
n) S:VTJtM»C^t-S3i:*«T?§5. i^^ltAZiD^-^rSlzmmmm&V c d i::*-^-^ 

[0060] -eoM^, (^2 1) (DMn<Dmmmii ^vh«E3Vdt(D^Sffi (Vcd-3Vd) 

m^Htmiztji^o (vcd-vd) *^#^e,tiTtNS„ h^yt^x 

V>T, msegcS: II = 1 mA, 12 = 0. 1mA, R 'V hmEVdtCDfnSEE (Vc d+Vd) *t^;te>*U 

E1 = 100Q, RE2 = lkQ, RL = 500Q^t mmzVX. h^yi^XMlHAm^-^mzli (Y 

t^ijOi:5m^mU ^m<D:ty±yh^V of c d + 3 Vd) *^#;te,^^TV^S„ K^>>:;>^ir4l 4 

f nS: {0. IX (n-3) } V (n^il*^P,5®S 3, 452i:tW7©#r3 Ui^irit, mAd^LXmRlZ^ 

[0 0 6 2] (SI3 ^3 ©^JS^HlT^ti, 20 «J^mg 1 O^J^ifi^flffiV c d 0 il^fcS 

s*^, i yffi^{c|^rJ^#M^^«EEv c d o ^vTm^z mt=t>. ^m>m^x (v c d o a/R a) 

v;^^43i:44©#i^«y<5r, h7>i;;i^r45ii46®#x ^tisui (S;2 3) iiraeitc, (iCSS) 
^«yiSf, 25Lafh^>2^';^^47i:48CD#x^«i;atlS; -ftlJSC- 

I5 1=VcdOa (1+/SAT) / {RA (1 + aAT) ) (iS:3 3) 
[0 0 6 5] VcdOl^J#Si!fi^Vcd{CfSCT, ★RAi:fSi:, SOO^mRA (1 + aA 

^miis^h^mmn^tmm. sotcmis^ 30 t) T-#^p,*iafe«), vcdoa (i?;3 4) ©i^r 

VcdO=MT' VcdOa (l+iSAT) (iC34) 

fc;eu MTfi, (jS;3 5) -e^stis. 

MT={(M1-1) / (Ml + l) + • . . + (M4-1) / (M4 + 1)) 

(^3 5) 

z:3T% Mn (nttl*^e>4<Z)|^ (^(53 6) T'^ 

Mn = exp [ {Vcd- (2n-5) Vd) /VT] (^3 6) 

[0 0 6 6] 33T% «Il^fJ^g$:^m{C«Bgi®5^ 05fC^bfcgift*f©»S:lt^f fiS^lTffi 

&^^^x. ^mmmmm^m^\zmu-^io^i>- 4o to o°6 7] mt*^vc dtcjtM-rs;&e,{i, mt^k 

J:y&V^J^«i!HflI|i;fe#fe-&fcJ:e>fc Vd®fl| - V o A<mxm:^<DX. (^^34) 14 (it3 7) © 

V c d®*gfflT% i£«afi5{CV c d (CifcM-tSo z:CD|gffl4 

Vcd0 = k • Vcd • VcdOa (l+iSAT) (^C3 7) 

:10^J4, (^2 9) i:*Sfi<;{c^T'^y, vcdo 

*^VTitM,c^T'tTv>s^i:*t^^*^S. [0 0 6 9] ^ir^K. mAoy^y^^, hm&mmm^ 

[0 0 6 8] z<Dismz^ti\f. m2\zBht=.mmm m^^ztx. m^^zm-n^tt^mmzmm^L 
\-iaim.^imt^. mm^Pimoymmay ^mx^i>, y^^^mm-T^^n^ 
^'^^v^^mkfi>t:Liii\z, 9mn<Dmm.wmt^ so [0070] m4<Dmmm) :^mm4(omm 
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X n tr^y i^^f (D 1 ~D n) A^e>^S 

■5. 

too 7 1) nfmmmmmm5(Dmmt.Lx. 

61 1 62(D#X itmmmi ^iff LXm^^ 10 
^65i:66®#x$ >y :5f li«S»i®4fF®eiS5ffl&=bo 

I 7 1=Vcd0b (1+/3AT) / {RA (1+aAT) } (^3 6) 

ziziT% mm9(Dmsx'(msm^RAft?>t. mi ^m±vcdoit. mifLR69\zm.ti>ws^tLx 

emmmitRA (l+aAT) T*-§^Ae>tl-2)m 20 3 9) 0<fce»{C^3*i5„ 
2^^;m#D 1 -04 ^C^BCTtt};^;StlS|^J^#S!f»5K 
VcdO=(Dl+2• D2+4.' D3 + 8 



* A e)tL (D 1 AWfetf^y D 4 j!)'CS±ttl^ .y h ii-f 
I'^S. h^yP:^ii6U 63, 65^5:tJ5B7©#/<-y^ 

^fi 1 ©^J^fJi^lSQEV c d 0 h JfcSo 

[0 0 7 2] ?^fC, EI7tC^bfcIlIS!&®IMp{Ca(r\T|Ji 
^■tS. -r-f (Dl~D4) tti^Xi't "1" 

IKSJ«EES:m:*7U "0" ov 

jEEa)l/2(C|g^Lfci:t5o ■eg»l«^T- (Vc 
d 0 b/RA) (Ommiil^-h, VT/RJtM®«gg5: 

'^y^^tmi^?>\mizj:ij. nMizm^zt^^x 
swioasgffliyitt (^52 3) tm^iz. 

(^3 8) X^^^tlS>. 



feiSU T^-f j;4f;i/m-^Dl~D4ttO*vlcr)||$:i:5 

[0 0 7 3] J:oT, VcdO^T^-f 2;^;L#-tDlA^ 
e>D4lCiS(iT, 1811(65 (Vcd Ob (1+/3AT)^ 
7-y:fX16m lZXli&S>i}\ VTimizm^t^ZL 

[0 0 7 4] tZ6X% 01fC^Lf-ffJ?#®rR^g{Cfe 30 

\-fs,^m^mm.v edit. is^iciiDAn^A-^m 
m^trts>ziix. 9immmmiivx(Dmii^imrjit> 
2 izm-iti^^mmimmi.tm^ji t^-t j;^? ;i/ 

[0 0 7 5] fjt^ meXlty"^ i?^;M»#®bf'y hgt 

1 sfcic-t* 3 1 %) BTH-e**. 
[0 0 7 6] SPjfC, S4©:t71ry hmffifiR&I^fi& 

mmt^ztx\ msiz^-tj:^f£mimizm^^h 

[0 0 7 7] 

mmmm] mi<Dmf}^^m?>f^fjij:^iz. 
©^iMSfl^ffii, mmmwmiz. mmKtmm<Dm. 
mm&mt:L'&?>zLiix\ mmi^mo^^mmmm. 



D4)Vcd Ob(l +/3AT) 
(^3 9) 

[0 0 7 8] mimizm^^Lta^^mii^m. 

mmmm-iiziLii^x'^^, 
[0 0 7 9] *u#®i^«Em&i^s&^{c^ 

[0 0 8 0] fiMMffmEWil^g&T^-f >>-^f;i/ 

m^x^x'^^mmz-t^ztiz^v. m^A^y^ 

[0 0 8 11 *^(Z^ifl«lfiSl5^i, 

[0 0 8 2] 
[^a)fig^m^] 

[^ 1 ] :i^(m 1 ®llfi^]IS(cfe(t<&ipJf#i|itJ{^S 

[02] :^m(mi(DmmmKi3ii^ifimmmEb 
IMS] :ims(m2<Dmmm\zm^^mmwmm 
[gi4] ^nm(Dm2(Dmmm\z^\-fs>^mfmn& 
[05] :$.m(m3<Dmmmizj3i-t^^mmmmL 
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[199] :^m<mi(Dmmmizm?>$mmmii 

mi 0] ^mm2(Dm!s^mizm?>mmm lo 12 ^m^milyT^^-m 
^(DMmm. 13, 2i~25 mmnummmi 

mi 1] m<mitmmmizm^ion?>-smiim r si-^, 71-74, isi, 182, 191 192 wMfm 
m<Dmm^ css) , le^ 31-35, 49, 50, es^ numi^ 1^ 

nm^mmmt , 41-48. ei-es, loi-irn^ i^^yp^^ 
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